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Broad-range 16 s rDNA PCR in synovial fluid does not improve
the diagnostic performance of septic arthritis in native joints
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Abstract
Objective To evaluate the diagnostic performance of bacterial identification by broad-range polymerase chain reaction (PCR) of
ribosomal DNA (rDNA) 16 s (16S rDNA PCR) for the diagnosis of septic arthritis on native joints.
Methods Patients with acute mono or oligoarthritis who underwent synovial fluid puncture and prospective follow-up allowing
definitive diagnosis (septic arthritis, crystal related disease, chronic inflammatory arthritis, undifferentiated arthritis) were re-
cruited in this single-center study. Systematic analysis of synovial fluid included leukocytes count, search for urate and pyro-
phosphate crystals with polarized light microscopy, direct bacteriological examination (gram staining), bacteriological culture,
and 16S rDNA PCR.
Results Ninety-five patients were included, 34 of which (35.8%) had septic arthritis. Nineteen (20.0%) patients had received
probabilistic antibiotic therapy prior to joint puncture. Gram + cocci infection accounted for 79.4% of septic arthritis, of which nearly
half (47.1%) was caused by Staphylococcus aureus. Eight (23.5%) septic arthritis patients had a 16S rDNA PCR positive in the
synovial fluid with anAUCof 0.618 (95%CI, 0.493–0.742), a sensitivity of 0.24 (95%CI, 0.12–0.40), and a specificity of 1.00 (95%
CI 0.94–1.00). The diagnostic performance of 16S rDNA PCR was lower than that of direct examination (AUC at 0.691, CI 95%,
0.570–0.812), blood cultures (AUC at 0.727, CI 95%, 0.610–0.844), and culture (0.925, CI 95%, 0.856–0.994) for the diagnosis of
septic arthritis. There was no difference in the positivity of 16S rDNA PCR according to previous exposure to antibiotics.
Conclusions 16 s rDNA PCR in the synovial fluid does not improve the diagnostic performance of septic arthritis on native adult
joints, particularly for Gram-positive cocci infections.
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Introduction

Septic arthritis is a diagnostic and therapeutic medical emer-
gency due to excess mortality (2% at 1 month, approximately

10% at 1 year) and the frequency of joint functional sequelae
(approximately 50%), requiring antibiotic therapy adapted to
the microorganism involved [1–3]. The incidence of septic
arthritis in native joints is increasing, particularly in subjects
over 75 years of age [4], a population also exposed to crystal
related arthritis, its main differential diagnosis [5].

Microbiological culture of joint fluid is considered the ref-
erence technique for bacterial identification. However, the
sensitivity of this method varies from 67 to 87% for bacterial
identification in septic arthritis cases [6–8]. The failure of
conventional microbiological diagnosis techniques could be
explained by the initiation of prior antibiotic therapy and the
presence of slow-growing or non-cultivable bacteria on usual
media [9].

Since the late 2000s, numerous publications [10–15] have
reported the use of a new molecular biology technique, the
broad-range polymerase chain reaction (PCR) targeting genes
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encoding 16 s ribosomal DNA (16 s rDNA). This technique
makes it possible to detect a large number of bacterial species
in a sample without first knowing whether the bacterium is
cultivable or not in vitro. This diagnostic tool has proved
interesting in various infections such as infectious endocardi-
tis with negative blood cultures [10, 11], meningitis [12], or
bacteremia during febrile neutropenia induced by chemother-
apy [13].

Some studies suggest an interest of this technique for the
diagnosis of bone and joint infections, particularly in difficult
diagnostic situations corresponding to germs difficult to culti-
vate spontaneously or because of prior antibiotic therapy
[14–17]. However, the heterogeneity of the results observed
and the techniques used do not make it possible to generalize
the use of this costly technique in clinical practice. In addition,
new bacteriological techniques for rapid diagnosis are being
evaluated in septic arthritis [18, 19]. These PCR techniques
use primers specific to several genes of bacterial species
(Multiplex PCR) [18] or genes of resistance to certain antibi-
otics (GeneXpert Cepheid PCR) [19]. Available in specialized
bacteriology laboratories, they are not yet used in daily clinical
practice.

The objective of this study was to establish the diagnostic
performance of 16 s universal rDNA PCR in synovial fluid for
the microbiological diagnosis of native joint septic arthritis in
clinical practice.

Patients and methods

Inclusion criteria

Adults (≥ 18 years old) referred for acute monoarthritis or
oligoarthritis (progression < 6 weeks) on native joint and
who received a diagnostic joint fluid puncture were included
in this cross-sectional single-center study conducted at the
Rennes university hospital rheumatology department with
prospective recruitment from May 2000 to October 2016.

Parameters studied in synovial fluid

In the bacteriology laboratory, a cytological examination was
carried out including a count of the elements (leukocytes, red
blood cells) in single-use cells (Kova-Slide®, CML,
Nemours, France) and the determination of the formula of
the elements on a cytocentrifugation tablet (Cytospin®) after
rapid staining (May-Grünwald-Giemsa) if ≥ 10 elements/
mm3, and a direct examination after Gram staining on a
cytocentrifugation tablet (qualitative and semi-quantitative
evaluation with evaluation of the density and morphology of
each bacterial species). A sample of each sample (10 μL) was
then sown and incubated at 37 °C on the following media
(AES France):

(i) an enrichment medium (trypticase soy broth,) incubated
in an aerobic atmosphere for 10 days,

(ii) a 48-h incubated trypticase soy agar in an aerobic
atmosphere,

(iii) a cooked blood agar incubated under C02 (5%) for 48 h,
and

(iv) Schaedler broth and blood agar incubated anaerobically
for 10 days and 3 days, respectively.

A sample of each synovial fluid was frozen at − 80 °C for
the subsequent realization of the 16 s rDNA PCR (Technique
described in Supplementary data).

Synovial fluid crystal analysis was performed with a com-
pensated polarized light microscopy in the fresh state and after
staining with May-Grünwald-Giemsa.

Other parameters studied

The following clinical variables were collected prospectively:
patient’s age, sex, number of joints affected and their location,
fever, comorbidities classically associated with septic arthritis,
the presence of known chronic inflammatory or crystal arthri-
tis, antibiotic intake prior to joint puncture, and its bacterio-
logical analysis. The following biological variables were col-
lected: CRP (mg/L) and synovial leukocytes counts (/mm3).

Diagnosis/definition of septic arthritis

The diagnosis of septic arthritis was made by the clinician
who based his judgment on clinical and biological data ac-
cording to Newman’s criteria [20], particularly synovial fluid
direct examination and culture, blood culture, and the result of
universal 16 s rDNA PCR and possibly a specific PCR.

Statistics

Statistical analysis was performed with the SPSS 20.0 soft-
ware. The continuous quantitative variables were expressed as
mean ± standard deviation or median ± IQR, after checking
their Gaussian distribution or not by a Kolmogorov-Smirnof
test. The comparison of these variables was performed by a
Student’s t test (verified Gaussian distribution) or by a Mann-
Whitney nonparametric U test (non-Gaussian distribution).
The qualitative variables were expressed in absolute numbers
and percentages and their comparison was carried out by a
chi-2 (χ2) or exact Fischer test. To evaluate the diagnostic
performance, ROC curves were performed with calculation
of area under the curve (AUC), sensitivity (Se), specificity
(Sp), positive likelihood ratio (LR+), negative likelihood ratio
(LR−), and their 95% confidence intervals. A p value < 0.05
was considered significant.
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Results

Study population characteristics (Table 1)

Ninety-five patients were included in this study, including 62
(65.3%) males, average age 57.7 ± 21.7 years. Patients most

often had non-feverish (58.9%) monoarthritis (87.4%). Joints
most often affected were the knee (n = 56, 58.9%), ankle (n =
15, 15.8%), shoulder (n = 8, 8.4%), wrist (n = 7, 7.4%), and
hip (n = 6, 6.3%). Sixteen patients (16.8%) were already diag-
nosed with chronic inflammatory or crystal-related arthritis at
the time of their acute arthritis episode. Nineteen (20.0%)

Table 1 Characteristics of the
study population. Comparison
between septic and non-septic
arthritis

Total Septic arthritis Non-septic
arthritis

p

n = 95 n = 34 n = 61

Age (years) (μ ± SD) 57.7 ± 21.66 59.4 ± 21.97 56.8 ± 21.61 0.58

Gender, male 62 (65.3) 24 (70.6) 38 (62.3) 0.42

Fever (temperature ≥ 38 °C) 56 (58.9) 21 (61.8) 18 (29.5) 0.002

Temperature (°C) (m ± IQR) 37.5 (37.0–38.3) 38.0 (37.0–38.55) 37.0 (37.0–38.0) 0.005

Shivers 11 (11.6) 7 (20.6) 4 (6.6) 0.05

Number of joints affected

One 83 (87.4) 32 (94.1) 51 (83.6) 0.20

2 or more 12 (12.6) 2 (5.9) 10 (16.4) 0.20

Joint affected

Knee 56 (58.9) 15 (44.1) 41 (67.2) 0.03

Hip 6 (6.3) 3 (8.8) 3 (4.9) 0.45

Ankle 15 (15.8) 8 (23.5) 7 (11.5) 0.12

Shoulder 8 (8.4) 4 (11.8) 4 (6.6) 0.38

Elbow 4 (4.2) 1 (2.9) 3 (4.9) 0.65

Wrist 7 (7.4) 2 (5.9) 5 (8.2) 0.68

Other 3 (3.2) 1 (1.9) 2 (3.3) 0.93

Comorbidities 51 (53.7) 19 (55.9) 32 (52.5) 0.75

Arthritisa 16 (16.8) 5 (14.7) 11 (18.0) 0.68

Diabetes 5 (15.8) 5 (14.7) 10 (16.4) 0.83

Solid neoplasia/malignant
hemopathy

8 (8.4) 5 (14.7) 3 (4.9) 0.10

Immunosuppression 14 (14.7) 5 (14.7) 9 (14.8) 0.99

Alcoholic cirrhosis 6 (6.3) 3 (8.8) 3 (4.9) 0.45

Probabilistic antibiotic therapy
before puncture

19 (20.0) 6 (17.6) 13 (21.3) 0.67

Blood tests

Leucocytes (G/L) (m ± IQR) 10.0 (8.0–11.7) 11.1 (8.73–14.0) 9.25 (7.43–10.6) 0.004

CRP (mg/L) (μ ± SD) 133.7 ± 109.4 178.7 ± 108.8 108.7 ± 102.3 0.003

Positive blood culture 17 (17.4) 16 (47.1) 1 (1.6) < 0.001

Synovial fluid

Leucocyte count (/mm3) (m ± IQR) 18,300
(7650–50,00-
0)

54,000
(44000–155,50-
0)

12,000
(3150–33,00-
0)

< 0.001

NP (%) (m ± IQR) 88.5 (61.8–95.0) 95.0 (91.5–96.0) 79.0 (45.8–91.8) < 0.001

Crystals 26 (27.4) 3 (8.8) 23 (37.7) 0.003

Positive direct examination (gram) 13 (13.7) 13 (38.2) 0 < 0.001

Positive bacteriological culture 32 (33.7) 0 (88.2) 2 (3.8) < 0.001

Positive 16S rDNA PCR 8 (8.4) 8 (23.5) 0 < 0.001

The quantitative variables are expressed as means with standard deviation (μ ± SD) or as median with inter-
quartile distribution (m ± IQR) depending on whether their distribution was Gaussian or non-Gaussian
(Kolmogorov-Smirnoff test)
a chronic inflammatory arthritis and crystal related arthritis (gout and calcium pyrophosphate deposition disease)

NP neutrophil polynuclear
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patients had received probabilistic antibiotic therapy prior to
the joint puncture. A diagnosis of septic arthritis was retained
for 34 patients (35.8%). The non-bacteriological characteris-
tics discriminating between septic arthritis and other non-
infectious arthritis were a higher fever (p < 0.005), a more
marked biological inflammatory syndrome. The diagnoses se-
lected among non-infectious arthritis were 31 (32.6%) crystal
arthritis (11 acute gouty arthritis and 20 acute calcium pyro-
phosphate deposits arthritis), 21 (22.1%) chronic inflammato-
ry arthritis flares, 2 (2.1%) reactive arthritis with Chlamydia
trachomatis, and 7 (7.3%) undifferentiatied or other non-
septic arthritis.

Bacteriological characteristics of septic arthritis
(Table 2)

Of the 34 septic arthritis cases, 16 (47.1%) were documented
by blood culture and 30 (88.2%) by synovial fluid culture with
direct positive examination in 13 (38.2%) cases. Note that two
bacteriological cultures and one blood culture positive for co-
agulase-negative Staphylococcuswere considered contamina-
tions and not treated as septic arthritis by the clinician. In
79.4% (n = 27) of septic arthritis cases, the seed identified
was from the Gram+ cocci family. Almost half of the cases
(47.1%) were methicillin-sensitive Staphylococcus aureus
(MSSA), and one third (32.1%) were Streptococcus sp. The
remaining cases (14.7%) were Gram-negative bacterial
infections.

Performance of DNAr16S PCR for the diagnosis
of septic arthritis on native joints (Table 3)

Eight (23.5%) septic arthritis had positive 16S rDNA PCR in
synovial fluid (1 MSSA, 2 S.agalactiae, 1 S.pneumoniae, 1
Capnocytophaga canimorsus , 1 S.marcescens , 1
P.aeruginosa, 1 Neisseria meningitidis). No arthritis classified
as non-septic had a positive 16S rDNA PCR, i.e., a sensitivity
calculated at 0.24 (CI 95% 0.12–0.40) for a specificity of 1.00
(CI 95% 0.94–1.00) with AUC at 0.618 (CI 95% 0.493–
0.742). The diagnostic performance of this technique was
lower than that of direct examination (AUC at 0.691 CI 95%
0.570–0.812), blood cultures (AUC at 0.727, CI 95% 0.610–
0.844), and culture (0.925, CI 95% 0.856–0.994). No differ-
ence in 16S rDNA PCR positivity was observed based on
previous antibiotic exposure (OR = 1.83 (CI 95% 0.27–
12.5), p = 0.53), nor based on direct examination positivity
(OR = 0.96 (CI 95% 0.19–4.92), p = 0.96). In three cases,
16S rDNA PCR was negative (patients 1, 16, and 24) due to
the presence of Taq polymerase inhibitors. 16S rDNA PCR
was significantly more frequently positive in Gram-negative
infections (n = 4, 57.1%) than Gram-positive infections (n = 4,
14.8%) (OR = 7.69 (CI 95% 1.22–47.6), p = 0.02).

Discussion

In this study, the 16 s rDNA PCR technique was the least
effective microbiological technique compared to direct exam-
ination after Gram staining, blood cultures, and especially
bacteriological culture of synovial fluid. The 16 s rDNA
PCR technique did not provide any additional benefit for the
diagnosis of septic arthritis treated with antibiotics prior to
performing the synovial fluid puncture.

This technique seems to be defective for the diagnosis of
Gram+ cocci infections and in particular Staphylococcus sp.,
the germ responsible for the majority of septic arthritis.

Fenollar et al. [15], in a large series of 525 bone and joint
samples (255 joint fluids and 270 bone biopsies) found differ-
ent results with sensitivity and specificity of rDNA PCR 16 s
estimated at 92.5% and 98.7% respectively. However, unlike
in our study, most punctures were performed on prosthetic
joints (155 patients) and very few on native joints. Fihman
et al. [16], in their study of 76 joint or bone samples, calculated
a sensitivity of the 16 s rDNA PCR technique of 73.3% and a
specificity of 95.2%. However, only 11 septic arthritis (4
Staphylococcus aureus, 4 Streptococcus sp., and 3 Neisseria
gonorrhoeae) on native joints were included, with 7 synovial
fluids available (and 4 synovial biopsies). Of the synovial
fluids available, 16 s rDNA PCR was positive for only one
in two Staphylococcus aureus infections and three in four
Streptococcus sp.

Bonilla et al. [17] obtained a sensitivity of 62.5% and a
specificity of 100% of r16S rDNA PCR in 16 cases of septic
arthritis in peripheral joints (including 7 sepsis in joint replace-
ments). Our team [21] recently obtained diagnostic perfor-
mances lower than these results on 111 bone and joint samples
(76 patients), including 26 synovial fluids on native joints,
with a low sensitivity (29.6%) and excellent specificity
(100%) of 16S rDNA PCR (AUC at 0.648), i.e., a diagnostic
performance lower than the direct examination and culture,
but higher than that of MALDI-TOF. Contrary to the situation
of children in which 16S rDNA PCR is of major interest for
the diagnosis of Kingela kingae septic arthritis [22, 23], the
diagnostic performance of this technique therefore seems
much less convincing in adults.

Several hypotheses could explain the low sensitivity of
16 s rDNA PCR in our study. In three cases, rDNA PCR
16 s was found to be defective due to the presence of Taq
DNA polymerase inhibitors, a known cause of false neg-
ative results. This discrepancy is probably explained by a
better sensitivity of the specific PCR technique, recog-
n i z e d f o r b o n e a n d j o i n t i n f e c t i o n s d u e t o
Staphylococcus aureus and Mycobacterium tuberculosis
[24]. However, none of the false 16S rDNA PCR nega-
tives for Staphylococcus aureus infections were explained
by the presence of a Taq DNA polymerase inhibitor in our
study. This difficulty in identifying Gram-positive species
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by 16 s rDNA PCR was also reported in the literature [25,
26]. Rantakokko-Jalava et al. [26], in a study of 536 sam-
ples, reported 16 false negatives with PCR including 11
Gram-positive bacteria (3 Staphylococcus aureus, 5
Streptococcus sp., 2 Cutibacterium acnes and 1 Listeria
monocytogenes), 4 mycobacteria and 1 Gram-negative
bacteria (Pseudomonas aeruginosa). As in our study, the
authors showed a significant difference between the de-
tection of Gram-positive and Gram-negative bacteria. The
nature of the bacterial wall would appear to play a role
during the bacterial DNA extraction phase. Indeed, the
lysis of bacteria requires the degradation of the bacterial
wall which allows the bursting of cells and the release of
intracellular constituents, including bacterial DNA. In ad-
dition, bacterial lysis is more difficult for Gram-positive
bacteria because of their more resistant wall, composed
mainly of peptidoglycan, which could explain the difficul-
ty in extracting the bacterial DNA necessary for PCR
amplification. Also, the bacterial lysis technique must be
well adapted to the type of bacteria. If the lysis is insuf-
ficient, the bacterial DNA will not be released; if this
bacterial lysis is too powerful, there will be a risk of
destroying it [26, 27]. Given the difference in results be-
tween our series and previous studies, we decided to test
the MagNAPure technique used by Fenollar et al. [15] on
methicillin-sensitive S.aureus arthritis samples. Despite
the change in the extraction technique, our results of
broad-range 16S rDNA PCR amplification remained neg-
ative (results not shown). The hypothesis of the presence
of a weak bacterial inoculum in the joint fluid has been
evoked [25]. However, we did not show any association
between direct examination positivity (indicating a certain
bacterial inoculum) and 16S rDNA PCR positivity, which
does not provide an argument this hypothesis for native
joint septic arthritis. It has also been suggested that there
may be Bpersistent^ forms of bacteria, which form
microcolonies and are often found in chronic staphylococ-
cal bone infections [28]. These dwarf colonies are reputed
to be more difficult to extract and could also be at the
origin of the failure of certain extractions. In addition,
we chose to amplify only the single sequences detected
at the electrophoreogram. In our study, the sequencing of
the PCR products was not performed after amplification
in several cases due to the appearance of several bands on
the electrophoreogram. Fenollar et al. [15] used a cloning
and sequencing technique when the electrophoreograms
highlighted multiple bands. This technique allowed them
to identify polymicrobial infections with the identification
of six or seven different bacteria in several cases.
However, these were patients suffering from osteitis fol-
lowing an open fracture or skin ulcers responsible for
polymicrobial infections, a rare situation during acute
hematogenic arthritis. These various bacteria identifiedT
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include pathogens rarely or never described in bone and
joint infections, germs not known to be pathogenic in
humans, and new bacterial species whose pathological
responsibility can be discussed. Finally, poor performance
of 16S rDNA PCR for the diagnosis of infection has also
been reported on other biological samples such as heart
valves and cerebrospinal fluid, which does not make sy-
novial fluid an exception [10–12].

Faced with these disappointing results of the 16 s
rDNA for the microbiological diagnosis of septic arthritis,
new bacteriological techniques for rapid diagnosis have
been recently evaluated. The multiplex PCR technique
with its combination of multiple genetic primers specific
to the main bacteria involved in septic arthri tis
(Staphylococcus spp., Streptococcus (groups A, B, and
C), Enterococcus sp, and main Enterobacteriaceae) ap-
pears attractive. However, the primers of some pathogenic
bacteria such as Streptococcus pneumoniae are not includ-
ed in the kit. The use of this technique does not seem to
improve the diagnosis performance of bone and joint in-
fections, as the results were found positive in only 27%
[18] to 45% [29] in septic arthritis, mainly in prosthetic
joints, with a concordance of 58% with bacterial identifi-
cation in culture and 70% with PCR 16sDNAr [29].
Another approach is to assess resistance to probabilistic
antibiotic therapy for acute febrile monoarthritis with
probable diagnosis of septic arthritis without bacteriolog-
ical documentation using resistance gene specific priming
amplification. In a total of 184 specimens of bone and
joint samples from a population of 125 children (septic
arthritis/osteomyelitis in 61%), the completion of a novel
musculoskeletal diagnostic panel (MDP) that incorporates
three components: the Xpert MRSA/SA SSTI assay, a
qPCR for the erm (erythromycin ribosomal methylase)
A, B, and C genes that confer clindamycin resistance,
and a qPCR for K. kingae, was evaluated, reporting an
excellent negative predictive value of 99%, 98%, and
100% respectively [19].

In conclusion, our study suggests that broadband 16 s
rDNA PCR in synovial fluid does not improve the diagnostic
performance of septic arthritis in this cohort of acute arthritis
in native adult joints, with numerous false negatives for
Gram+ infection, the most common case observed in septic
arthritis.
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